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ABSTRACT
The purpose of this study was to evaluate the performance of the Low Probability
of Intercept Altimeter (LPIA) Radar Altimeter (RADALT), which was selected to replace
the AN/APN-194 RADALT, as installed in the EA-6B Prowler and conclude how the
new system will impact the tactical operation of the EA-6B aircraft if allowed to proceed
to and pass the operational phase of testing in its current status.
The LPIA was selected to replace the APN-194 as part of the overall EA-6B
aircraft Block III test program in order to comply with the Chief of Naval Operations’
(CNO’s) mandate to install the Ground Proximity Warning System (GPWS) in all U. S.
Navy tactical aircraft. Although other options were initially available, Program Manager
Aviation (PMA)-209, the avionics program manager, insisted LPIA be used and
classified the equipment as “off-the-shelf.” They believed it would require minimal
testing since it had already been successfully tested and installed in two other fleet
platforms (P-3 and C-2). No mention was made of the problems discovered or the failed
attempt to integrate the system into the F/A-18 Hornet and S-3 Viking aircraft.
The initial evaluation was originally scheduled for approximately 12 flight hours,
however two test analyze fix periods of that magnitude have already been conducted on
the LPIA and several deficiencies have been discovered. Currently, in the opinion of the
author, the LPIA is unsuitable to support the EA-6B’s mission needs. PMA-234, the EA6B Program Manager has decided to give British Aerospace Engineering (BAE), the
prime contractor, and PMA-209 one more opportunity to fix the deficiencies prior to the
start of Block III flight test.
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The author concludes that if the LPIA is allowed to proceed in its current
condition and is introduced to the fleet, it would have detrimental effects on the EA-6B’s
operational capability. If the system fails developmental testing (DT), an alternate means
to supply height above the terrain to GPWS will have to be explored. The author
recommends specific improvements, which may produce an effective system that is
suitable for EA-6B operations.
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PREFACE
Information contained in this thesis was obtained from Department of Defense
reports and manuals and product literature from British Aerospace Engineering (BAE)
Systems and DCS Corporation. Any conclusions or opinions presented within this
document are the opinion of the author and should not be interpreted as that of the United
States Navy or the University of Tennessee Space Institute.
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CHAPTER 1: INTRODUCTION
OVERVIEW
GENERAL
The Ground Proximity Warning System (GPWS) relies on inputs from the aircraft
radar altimeter (RADALT) to calculate the proper response time and load factor available
for the pilot to avoid Controlled Flight Into Terrain (CFIT). The EA-6B is currently
equipped with the AN/APN-194 RADALT, which does not interface via MIL-STD-1553
Data Bus with the Control Display Navigation Unit – 900A (CDNU), the host of the
GPWS algorithm. To alleviate this, the Low Probability of Intercept Altimeter (LPIA)
was selected to replace the AN/APN-194 Radar Altimeter. The LPIA is backwards
compatible with existing antennas, cables, and indicators and was designed to be a form,
fit, and functional replacement for the Navy AN/APN-194 RADALT. In addition, the
LPIA will support an organizational-to-depot maintenance philosophy that eliminates
intermediate level support equipment. The LPIA was designed to provide: 1) accurate
height above terrain measurement, 2) increased altitude coverage, 3) reduced radio
frequency (RF) emissions, 4) incorporation of transmit power management functions, 5)
increased resistance to electronic attack (EA), and 6) high reliability.
Both ground and flight tests have been conducted and several deficiencies have
been identified. If these deficiencies are not corrected and the system is fielded to the
fleet in its existing configuration, it is the opinion of the author that EA-6B operations
will be negatively impacted. Currently proposed fixes for the most severe deficiencies
have been identified, but only further flight test will determine if the LPIA is suitable for
operational use in the EA-6B aircraft.
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SPECIFIC
Chapter one gives a brief overview of the thesis and states the problem and
objective of the thesis. Chapter two describes test aircraft and system, gives a brief
history of the development of the LPIA and discusses the author’s overall contribution to
the LPIA test program. Chapter three discusses the test techniques and methods used to
evaluate the LPIA as installed in the EA-6B aircraft. Chapter four discusses the results of
LPIA developmental testing. Chapter five divulges the conclusions derived by the author
during testing and discusses the author’s recommendations in regard to the LPIA
system’s performance, integration and impact on aircraft operations.
STATEMENT OF PROBLEM
The EA-6B Prowler stands alone as the sole Electronic Warfare (EW) platform
for the United States and its allies. It is currently deployed to U. S. Naval Aircraft
Carriers as part of its carrier airwing and land bases overseas in support of expeditionary
operations. An accurate and reliable RADALT is essential for operating in the carrier
environment and the proper execution of the EA-6B mission. Currently the EA-6B is
outfitted with the AN/APN-194 RADALT, which has proven reliable and allowed for
proper aircraft operation in the carrier and tactical combat environment.
The LPIA was selected to replace the AN/APN-194 in order to comply with the
CNO’s mandate to install the Ground Proximity Warning System (GPWS) in all U. S.
Navy tactical aircraft. Although other options were initially available, Program Manager
Aviation (PMA)-209 (Avionics Program Manager) insisted that LPIA be used in an
attempt to comply with a “common avionics theme” which was intended to save
developmental test organizations large amounts of time and money. The system is
2

currently fielded in the P-3 and C-2 aircraft and is classified as “off-the-shelf”
technology. PMA-209 believed it would require minimal testing, but no mention was
made of the failed attempts to integrate the system into the F/A-18 and S-3 aircraft or the
problems discovered by the C-2 and P-3 Developmental Test Teams.
Since the start of test, many deficiencies have been discovered and the project has
run 100% over budget. Currently LPIA is not suitable to support the EA-6B’s mission
needs. If fielded, it will severely degrade the aircraft’s ability to operate in the tactical
low altitude arena and may impact carrier operations.
British Aerospace Engineering (BAE) and PMA-209 have ensured PMA-234 and
the EA-6B LPIA Developmental Test Team that they can fix the major deficiencies. If
the problems are corrected, the LPIA Test Team must reevaluate the system and
determine if it is a suitable replacement for the legacy radar altimeter.
If an unsuitable replacement RADALT were fielded, the EA-6B community
would suffer a loss of capability. This loss of capability would in turn reduce the U.S.
Military’s ability to maintain air superiority. The goal of this thesis is to evaluate the
LPIA as installed in the EA-6B and determine its impact on aircraft operations.
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CHAPTER 2: BACKGROUND
EA-6B MISSION
The EA-6B Prowler is a fully integrated electronic warfare platform that
combines long-range day and night all-weather capabilities with an advanced electronic
attack (EA) system. The primary EA mission is to deny, degrade or exploit the enemy’s
use of the electromagnetic spectrum. This is done by intercepting, analyzing, identifying,
jamming and sometimes destroying enemy command and control and communications
systems. EA is accomplished with the AN/ALQ-99 Tactical Jamming System (TJS)
which uses up to five jammer pods, each with two transmitters, carried on the wing
and/or centerline stations. In addition, up to four AGM-88 High Speed Anti-Radiation
Missiles (HARM) may be carried on the four wing stations. With the retirement of the
U.S. Air Force’s (USAF’s) E/F-111, the EA-6B has become the sole EA platform for all
NATO forces.
AIRCRAFT DESCRIPTION
The EA-6B (Figure 1) is a four-place, twin-engine, mid-winged monoplane
designed for carrier and advanced base operations. It was manufactured by Grumman
Aerospace Corporation based on the design of the A-6 Intruder. The EA delineates the
aircraft mission, Electronic Attack, the number 6 was chosen by the United States Navy
and the B indicates the second version of the airframe. The aircraft is a fully integrated
electronic warfare system, combining long-range all weather, night vision operations with
advanced electronic countermeasures. The crew is composed of one pilot and three
Electronic Countermeasure Officers (ECMOs). The crew is seated side-by-side in
tandem with pilot and ECMO 1 in the forward cockpit and ECMOs 2 and 3 in the aft
4

Figure 1: THREE VIEW OF EA-6B AIRCRAFT
Source: NATOPS Flight Manual Navy Model EA-6B Block 89A/89/82 Aircraft, NAVAIR
01-85ADC-1, dated 15 April 2004.
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cockpit. This side-by-side seating arrangement in the forward cockpit was designed for
maximum comfort, visibility and crew coordination. It also allows for operation under
the Chief of Naval Operations (CNO) multi-pilot waiver, which permits precision
approaches down to a decision height (DH) of 100 ft [1], even further enhancing its all
weather operating capability.
Since its inception over 30 years ago, the EA-6B has slowly evolved into its
current status, but due to funding not all aircraft are identically configured. Improved
Capabilities (ICAP) II is the current fleetwide baseline platform being deployed
throughout the world. The Block 82 aircraft was the baseline for the Block 89
modification and the Block 89 aircraft was the baseline for the Block 89A modification.
Currently the Block 82 aircraft are being phased out of service. The Block 89A
configuration is further subdivided into two categories, single and duel Embedded GPS /
INS (EGI) aircraft. All USN and USMC EA-6B operational squadrons and the USN
reserve squadron operate and deploy Block 89A configured aircraft and the EA-6B Fleet
Replacement Squadron (FRS), VAQ-129, operates the EA-6B aircraft in the BLOCK 89
and Block 89A configuration. A detailed description of the EA-6B can be found in the
EA-6B Block 89A/89/82 NATOPS Flight Manual [2].
CURRENT PROGRAMS
The purpose of the EA-6B ICAP II and ICAP III modification programs is to
upgrade selected avionics employed aboard Navy and Marine Corps EA-6B Aircraft [3].
Several projects are currently being undertaken to improve the flying qualities and the
navigation and weapon system of the EA-6B. The author is currently working on a flight
control stability augmentation and autopilot replacement system, night vision goggle
6

envelope expansions programs and the ICAP II Block III upgrade, the overall program
which LPIA is a part of. In addition, the ICAP III program is currently being undertaken
to modernize the weapon system. This modernization of the weapon system will be used
as a baseline model for the weapon system in the E/A-18G, the EA-6B’s replacement.
LEGACY RADAR ALTIMETER (APN-194) SYSTEM DESCRIPTION
AN/APN-194 RADAR ALTIMETER
The AN/APN-194 Radar Altimeter as installed in the EA-6B is a pulsed range
tracking radar that measures the terrain or surface clearance below the aircraft. It
operates in the 0 to 5000 ft above ground level (AGL) range and altitude is continuously
displayed to the aircrew on the Radar Altitude Height Indicator Gauge (Figure 2) [4] on
the left side of the forward cockpit on the pilot’s instrument panel. During aircraft
operations above 5000 ft AGL, an OFF flag comes into view and the indicator needle
stows behind a mask, preventing the aircrew from receiving erroneous altitude
information. The system’s accuracy is limited to ±30 degrees of roll and ±40 degrees of
pitch. When these limits are exceeded, the OFF flag is presented and the needle on the
indicator gauge stows. The AN/APN-194 Radar Altimeter is essential to safety of flight
because it is the only indication of height above the terrain available the aircrew and the
sole instrument used for terrain avoidance. It is a required item for all night, Instrument
Meteorological Conditions (IMC) and aircraft carrier (CV) operations.
RADAR ALTITUDE INDICATOR
The Radar Altitude Indicator Gauge is the only aircrew-to-vehicle interface with
the legacy RADALT system. The rotary knob on the lower left hand corner of the

7

RADAR ALTITUDE
INDICATOR

Figure 2: RADAR ALTITUDE INDICATOR
Source: Organizational Maintenance Instrument Systems, Navy Model EA-6B Aircraft,
NAVAIR 01-85ADC-2-10, dated 1 October 1999.
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indicator gauge controls power to the system, the low altitude limit bug and the built-intest (BIT) function. Power is applied by rotating the knob clockwise and the pilot may
position the low altitude indicator limit indexer bug (which marks the desired altitude),
located on the perimeter of the gauge, to any value between 0 and 5000 ft by further
rotating the knob. Pressing the control knob actuates the BIT function of the system.
When the BIT is initiated the altitude pointer will indicate 90 to 110 ft if the
system is functioning properly. A valid BIT will also cause the green low altitude
warning light on the face of the gauge to illuminate. If the low altitude bug is positioned
at or below 90 ft during the on deck BIT, the Low Altitude Warning System (LAWS)
tone will sound in the aircrews’ headsets and the LOW ALT warning light located above
the indicator gauge will illuminate when the control knob is released.
LOW ALTITUDE WARNING SYSTEM TONE
The LAWS tone alarm sounds whenever the aircraft descends below the altitude
set by the bug on the indicator gauge. The aural cue is a single frequency tone, which
alternates on and off at an 8 Hz rate. This tone is heard by all crewmembers under the
following conditions depending on the position of the Landing Gear Isolation Valve
Switch: With the Isolation Valve switch in the LDG position (approach to landing
assumed by system), the tone will sound for 2 seconds while the aircraft descends
through the altitude marked by the indicator bug; if the switch is in the FLT position
(cruise flight assumed by system) the tone will sound continuously while the aircraft’s
altitude is below the indicator bug setting. Individual aircrew Internal Communications
System (ICS) volume control knobs adjust the tone’s volume.

9

LOW ALT WARNING LIGHT
The LOW ALT warning light provides redundant warning capability and
protection in the event of LAWS tone failure. It is illuminated any time the aircraft
descends below the altitude limit denoted by the Radar Altitude Indicator Gauge bug.
LPIA SYSTEM DESCRIPTION
LOW PROBABILITY OF INTERCEPT ALTIMETER
The LPIA System was designed to provide height above terrain measurement
with high altitude accuracy (to 35,000 ft) over land and water. It also was to provide
reduced emissions, “low-probability-of-intercept.” The LPIA Receiver Transmitter (RT)1805/APN utilizing software versions 03.02.01 and 03.02.02 were installed for this test.
It was a drop-in replacement for the existing AN/APN-194 altimeter and used the same
Radar Altimeter Indicator Gauge (and gauge BIT functionality), low altitude warning
tone and low altitude warning light, antennas and their associated cables. It outputs both
analog and digital (MIL-STD-1553) data and it was designed to operate within an RF
frequency band of 4.2 to 4.4 GHz. The RF output was a phase encoded, stepped
continuous wave (CW). The RF input circuits withstood signal levels as great as +15
dBm without permanent degradation.
The RF input signal was designed to operate from a characteristic nominal
impedance of 50 ohms. The LPIA was also designed to produce a blanking pulse for
each transmitted RF output pulse and accept an input blanking pulse for the purpose of
blanking the RT.
The high-speed digital signal processor and RF module were designed to operate
on a frequency hopping, spread spectrum, phase encoded, low power signal waveform.
10

The transmit waveform and receive signal processing were designed to extend the
altimeter accuracy, increase the performance envelope for roll, pitch, and altitude, offer
jamming resistance, and low probability of intercept capability beyond the AN/APN-194
Radar Altimeter.
As previously mentioned, the LPIA Receiver-Transmitter (RT) interfaced with the
existing EA-6B Radar Altitude Indicator Gauge and antennas, and with the associated
interconnecting cables. The LPIA RT contained the electronic circuitry designed to
transmit and receive radio frequency (RF) energy via the antennas. This signal was
processed to derive the altitude information contained in the received signal after
reflection from the ground. The LPIA RT provided analog outputs for driving the Radar
Altimeter Indicator Gauge. The analog output was limited to displaying altitudes from 0
to 5,000 ft AGL. A digital output was also sent to the Electronic Attitude Direction
Indicator (EADI) on the pilot’s instrument panel to display altitudes from 0 to 2500 ft in
the upper right hand corner of the gauge (Figure 3).
The CDNU sent attitude and bank angle threshold information to the LPIA in
order to provide an auto-standby capability, which prevented false altitudes associated
with extreme pitch and roll angles from being displayed to the aircrew. And the LPIA
provided height above terrain, validity, and BIT information to the CDNU via the 1553
Data Bus.
There were several modes of operation: BIT, Standby, Search and Track. In
Track Mode, the primary operating mode, the LPIA was designed to lock on and track
the ground return giving continuous altitude information. If terrain track was lost, the
system would enter Search Mode. In Search Mode, the LPIA was designed to search the
11

Figure 3: ELECTRONIC ATTITUDE DIRECTION INDICATOR
Source: Charles Boone (Personal digital camera, photograph taken December 2004).
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complete altitude range rapidly for a ground return. The LPIA transitioned to Standby
Mode and removed all displayed radar altitude to the cockpit when attitude information
received via the MIL-STD-1553B MUX Data Bus exceeded selected threshold attitudes
(± 40 degrees of pitch and ±45 degrees of roll).
Jamming Resistance
The Low Probability of Intercept Altimeter was required to operate within
performance requirements [5 and 6] except when subjected to a jammer that employs any
time-frequency transmission strategy with a signal level at the altimeter RT receive port,
equal or less than -65 dBm at any altitude up to 5,000 ft and with an aircraft roll or pitch
angle less than ±25 degrees. These jamming signals could be comprised of ground-to-air
emitters, air-to-air emitters, and friendly jamming signals inherent during formation
flying. The LPIA was designed to protect itself from damage from any in-band jamming
up to 15 dBm. When jamming exceeded -65 dBm, the altimeter broke lock or entered a
standby mode of operation. When the jamming was removed, the altimeter returned to
normal operation. Under no circumstance was jamming capable of causing the altimeter
to output false altitudes at a rate exceeding the rate experienced during normal operations.
Built-In-Test
BIT attempted to accomplish failure detection and failure isolation for the LPIA
without the assistance of support equipment. In the event of a Radar Altitude Indicator
Gauge failure, the LPIA was designed to continue to provide altitude information to other
systems. There were 4 types of BIT: Power-Up, Periodic, Initiated and Enhanced. A
failure was defined as any fault that prevents the RT from meeting its required
performance. Power-up BIT was designed to automatically operate beginning with the
13

application of electrical power and continue to run every 10 seconds until complete and
should be complete within the warm-up time period of the LPIA. Periodic BIT was also
designed to automatically operate beginning with the application of electrical power.
Periodic BIT did not affect performance nor require operator participation. Periodic BIT
failures were designed to be displayed to the operator over the MIL-STD-1553B Data
Bus via the CDNU (Figure 4). Initiated BIT was activated by the operator via the Radar
Altimeter Indicator Gauge or remotely over the MIL-STD-1553B Data Bus via the
CDNU. Initiated BIT was designed to complete within approximately 5 seconds. The
Enhanced BIT, which was part of the Auto-Calibration Sequence that was used to
calibrate the system and establish a zero foot reference for the system, was operator
initiated via the CDNU and required approximately 45 to 60 seconds to complete.
CONTROL DISPLAY NAVIGATION UNIT – 900A
The CDNU is the primary aircrew-to-navigation system interface. The CDNU
was designed to perform all navigation computation functions, and provide aircrew data
entry and display capability. The CDNU hosts the GPWS algorithm, which the LPIA
was fielded to support. It is installed on ECMO 1's forward instrument panel.

It is also

used to enter manual data, load waypoints, load the Operational Flight Program (OFP)
and almanac data, select waypoints, and display navigation and steering information.
Data is entered using the pushbuttons and line select keys (LSKs). CDNU software was
modified to control the LPIA via the MIL-STD-1553B Data Bus, and new CDNU pages
are included for LPIA. Figure 5 shows the block diagram of the Block III 89A Dual EGI
MIL-STD-1553B Navigation Data Bus with the addition of the LPIA.
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Figure 4: CONTROL DISPLAY NAVIGATION UNIT-900
Source: NATOPS Flight Manual Navy Model EA-6B Block 89A/89/82 Aircraft,
NAVAIR 01-85ADC-1, dated 15 April 2000.
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Figure 5: BLOCK III 89A MIL-STD-1553B DATA BUS
BLOCK DIAGRAM WITH LPIA
Source: Jeffery Amadio (Personal PowerPoint slide, made December 2004).
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LPIA HISTORY
In the recent past the LPIA was selected by PMA-209 as part of an attempt to
integrate common avionics into all Naval aircraft to replace the AN/APN-194 and
AN/APN-171 radar altimeters. It was supposed to provide increased accuracy and
altitude coverage, significantly reduced RF emissions, increased resistance to electronic
countermeasures (ECM), and improved reliability and maintainability (R&M). LPIA was
designed to support organizational-to-depot level maintenance, which would eliminate
the requirement for intermediate level and potentially organizational level maintenance.
This effort, which heavily relied upon LPIA’s increased reliability was supposed to help
battle U.S. Military manpower shortages.
Integration was attempted into several platforms. To date only one carrier based
fixed wing aircraft, the C-2 Greyhound aircraft, has successfully integrated the LPIA.
There have been failed attempts on the F/A-18 Hornet and S-3 Viking aircraft.
Following unsuccessful attempts to integrate the LPIA system in to other tactical
aviation platforms (F-18 Hornet and S-3 Viking), Naval Warfare Center Weapons
Division (NAWCWD) was tasked by PMA-234 to provide a brief assessment of the
LPIA operating characteristics. Initial lab tests were inconclusive and indicated the need
for further flight test.
In 2003, the EA-6B Integrated Product Team (IPT) conducted additional flight
tests in order to verify some deficiencies that were discovered during F/A-18
developmental testing and preliminary EA-6B lab testing. These tests were conducted in
an effort to reduce the risk associated with integrating the LPIA into the EA-6B. All of
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these flight tests were conducted on the Aspen Contractor Partenavia P68C aircraft
outfitted with production AN/APN-194 transmit and receive antennas.
In general, the LPIA testing was successful and the system performed well during
most tests, however two deficiencies were discovered that had to be corrected prior to the
start of the EA-6B developmental testing which was scheduled to start in July 2004.
These deficiencies were initially identified during the initial stages of the F/A-18 testing.
The identified deficiencies dealt with altitude tracking problems over rough terrain and
false altitude outputs. Software changes were made and LPIA software version 03.02.01
was sent to Air Test And Evaluation Squadron TWO THREE (VX-23) for EA-6B
Developmental Testing.
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CHAPTER 3: SYSTEM EVALUATION
GENERAL
This chapter discusses the methods and test techniques used by the author to
evaluate the LPIA as installed in the EA-6B Prowler. Testing of the LPIA began in
March 2004. For the purposes of this thesis, testing ended in December 2004. Two
versions of the LPIA software were evaluated during this time frame (03.02.01 and
03.02.02). The second software version was produced in an attempt to remedy some of
the deficiencies discovered while testing version 03.02.01. As of January 2005 testing is
currently on hold awaiting additional software and hardware modifications in an attempt
to produce a system which will be operationally suitable to the Electronic Attack mission
as performed by the EA-6B Prowler. All data were collected while executing the
Detailed LPIA Flight and Ground Tests Matrices (Table A-1 and Table A-2) [7].
SCOPE OF TESTS
Initially this entire evaluation was scheduled for eight 1.5 hour test flights, during
which time the LPIA Developmental Test Team would run through the Detailed LPIA
Flight Test Matrix in order to verify proper system operation as part of the test analyze
fix process, which was anticipated to integrated GPWS into the aircraft. As of January
2005, more than 16 dedicated 1.5 hour test flights and numerous other “piggyback”
flights (dedicated test flights paid for by a system or device other than the LPIA) have
been flown allowing for the collection and analyzing of data. Large amounts of
quantitative and qualitative data were collected. Quantitative data was primarily
collected during numerous monitored range flights consisting of a battery of tests
designed to evaluate the LPIA during varying pitch and roll angles at predetermined
19

altitudes. Additional quantitative test flights were conducted to determine the
effectiveness of the system in the EA environment (RF jamming) and data were also
gathered during several low level evaluation flights. Qualitative data were gathered
during a series of low-level navigation, low altitude tactics training, and landing pattern
evaluation flights. Large amounts of qualitative and quantitative data were also collected
during several airways navigation flights and dedicated GPWS test flights.
Testing was conducted in a single Block III 89A ICAP II EA-6B, which was
specially modified for the developmental evaluation of the Block III system. Initial
developmental testing was conducted in the NAS Patuxent River Operating Area. This
testing involved an extensive series of range flights and one low-level navigation flight.
Several deficiencies were discovered during this evaluation period, but due to
programmatic pressures, the LPIA was deemed mature enough for an initial look at the
GPWS system, which was required for risk mitigation prior to the official start of Block
III developmental testing. These evaluations were conducted at NAWS China Lake and
further demonstrated some of the weaknesses of the LPIA system. At the conclusion of
the GPWS evaluation, software version 3.02.02 was installed in the aircraft and more
testing was conducted in route from NAWS China Lake to NAS Patuxent River where
more range and low level evaluation flights were conducted. Software version 03.02.02
corrected some of the deficiencies discovered during the testing of version 03.02.01.
TEST ENVELOPE
All test events were conducted within EA-6B NATOPS [1] operating limits and
the test envelope (Table 1).
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Table 1
EA-6B LPIA TEST ENVELOPE
Test Limits(1)
NATOPS Limits
0 – 40,000 ft
0 – 40,000 ft
0 – 550 KIAS / 0.86 Mach
0 – 550 KIAS / 0.86 Mach
(with pods)
(with pods)
Acceleration
-2.4 g to +5.5 g
-2.4 g to +5.5 g
Note: (1) Includes prior to takeoffs and after touch and go and full stop landings
Parameter
Altitude
Airspeed

Table 2
EA-6B LPIA FLIGHT TEST CONFIGURATIONS
Configuration
Cruise (CR)
Power Approach (PA)0
PA20
PA30

Flaps
UP
UP
20 deg
30 deg

Gear
UP
DOWN
DOWN
DOWN

Speedbrakes
Retracted
Out
Out
Out

CONFIGURATIONS
Several aircraft flight test configurations were used during this evaluation (Table
2). The LPIA has been flown with the aircraft in other configurations due to mechanical
malfunctions, but data were not collected. Jammer and low-level evaluation flights were
conducted in the cruise (CR) configuration and the landing pattern evaluations were
conducted in various power approach (PA) configurations. Range flights were conducted
in all configurations.
DATA COLLECTION
During flight test, data were collected utilizing the intelligent multiplexer (IMUX)
on board recorder of MIL-STD-1553B bus data and ICAP III Telemetry (TM) Pods. A
ground based laser tracker and Advanced Range Data System (ARDS) pods were utilized
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Table 3
LPIA RANGE BINS
Range Bin
0
1
2
3
4

Minimum Altitude
(ft, AGL)
0
737
1,352
2,581
5,040

Maximum Altitude
(ft, AGL)
811
1,499
2,852
5,581
37,130

to obtain aircraft altitude truth data during testing. During the low level evaluation flights
truth data was computed by subtracting regridded Digital Terrain Elevation Data (DTED)
from the aircraft’s mean sea level (MSL) altitude. The aircraft’s MSL altitude was
provided by the EGIs and recorded on the Intelligent Multiplexer and was downloaded
after the flight along with LPIA 1553 Data Bus data and a video recording of the Radar
Altimeter Height Indicator (HI) Gauge and the EADI. Qualitative aircrew comments
were also recorded on handheld data cards and via cockpit audio recorders.
LIMITATION TO SCOPE
LPIA Range Bins (Table 3) were tested during the range evaluation flights. The
LPIA range bin 0 was only quantitatively tested between 500ft and 811ft due to safety
concerns with low-level flying. Altitudes below 500ft were qualitatively evaluated
during take-offs and landings.
TEST EVENTS
EA-6B LPIA testing was conducted to verify LPIA performance and accuracy,
susceptibility to jamming, and that there is no degradation of operation and performance
from the legacy AN/APN-194 system. All test points and requirements are derived from
the LPIA Test and Evaluation Master Plan (TEMP) [8]. Test methods and procedures for
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each phase of testing are presented in the Detailed LPIA Test Matrix (Appendix B) [7].
LPIA ground testing was conducted in the hangar and on the flight line at NAS Patuxent
River. Flight test was conducted in the NAS Patuxent River and NAWS China Lake
operating areas during both Instrument Meteorological Conditions (IMC) and Visual
Meteorological Conditions (VMC) conditions depending on the particular test objective.
Jamming flights were conducted in approved Patuxent River Operating Areas.
Ground tests were conducted before flight tests. They consisted of a fit check,
crew interface checks, BIT checks and auto-calibration checks. The second phase of
testing consisted of monitored LPIA range flights. These flights consisted of bits, bin
transition and maneuvering (pitch and roll) tests. Jamming flights and a series of
functional low-level navigation flights were conducted in the final part of testing. The
LPIA was evaluated in the landing environment on all test flights.
GROUND TESTS
Fit Check
A fit check was performed in Hangar 115 at VX-23, NAS Patuxent River. With
all aircraft power disconnected, the AN/APN-194 was removed and the LPIA
Receiver/Transmitter (RT) was installed. Proper fit and cable connections were
evaluated.
Crew Interface
Following fit checks, the system was evaluated for crew interface. Both the
CDNU and the Radar Altimeter Indicator Gauge were evaluated. First, all CDNU
functions were verified. Second, the Radar Altimeter Indicator Gauge operation and
functionality were evaluated and a BIT check was performed. Third, a CDNU BIT was
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performed. System performance was evaluated and results were recorded. These events
were also conducted on deck before and after each test flight.
CDNU BIT validity was checked by performing a Maintenance BIT Demo.
During this test, the LPIA RT RF connectors (Figure-6) and 1553 Data Bus connectors
were removed from a unit. This unit was then installed to induce known faults into the
LPIA system. All of the faults produced had associated indications that should have been
displayed on the CDNU. BIT procedures were then conducted and the results were
evaluated to ensure the correct failures were displayed on the CDNU. Then a known
faulty LPIA RT was installed and BIT procedures were conducted.
Auto-Calibration
The Auto-Calibration Sequence, which allowed the LPIA system to accurately
determine height above the terrain by determining and setting a zero foot value in its
memory, was performed. This process also automatically initiated an Enhanced BIT
(EBIT), which included a test of the system’s transmit and receive antennas and their RF
cabling to the RT. Several Auto-Calibration Sequences were performed on different
surfaces under varying atmospheric conditions. Proper system functionality and
operation were evaluated and time to complete the process was measured. This event
was also conducted prior to flight tests when deemed necessary by the lead flight test
engineer.
FLIGHT TESTS
Monitored Range Evaluation
LPIA accuracy and system performance were evaluated during twelve monitored
range flights. These flights were conducted in the NAS Patuxent River Operating Area.
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Figure 6: LPIA RECEIVER TRANSMITTER
Source: PMA-209 PowerPoint Slide (Aircrew Training Brief, 13 October 2004).

25

During all flights the aircraft was primarily flown over water, except when specifically
trying to evaluate the LPIA accuracy during land-water transitions. All maneuvers are
listed in the LPIA Detailed Test Matrix (Table-A-1) and described in the Detailed
Method of Test (Appendix B). The aircraft used during this evaluation had an
instrumented 1553 Navigation Data Bus. Height data on the 1553 Data Bus were
recorded on IMUX tapes and compared to ARDS and laser tracker truth data. When
IMUX data were not available, ICAP III telemetry pod data were used as a back up
recording source. Data were downloaded, formatted to excel and analyzed. These data
(except the limited amount displayed in figures) were not presented in this thesis and
analysis is still on going. At the conclusion of each flight, landings were conducted in
several configurations and qualitative observations were made. Cockpit-mounted video
cameras were used to record the Radar Altimeter Height Indicator Gauge and either the
CDNU or the EADI. This recording system also provided audio recording of qualitative
remarks made by the aircrew.
Jammer Evaluation
Two jammer evaluation flights were conducted in an approved offshore operating
area near NAS Patuxent River. The aircraft was flown underneath the radar horizon in
order to ensure the RF jamming from the EA-6B aircraft did not inadvertently interfere
with any other local facilities or systems.
Once on station the aircraft’s weapon system was turned on and RF energy was
radiated at a frequency band surrounding the LPIA’s RF operating spectrum. Data were
collected on IMUX tapes and handheld data cards. The Radar Altimeter Height Indicator
Gauge was also recorded during the evaluation.
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Low-Level Evaluation
LPIA performance in the low level arena was evaluated during two dedicated low
level test events in the NAS Patuxent River local flying area, numerous “piggyback”
GPWS test flights in the NAWS China Lake Operating Area and several pilot proficiency
low level training flights. These flights were flown to ensure the LPIA system would be
capable of operating in the demanding low altitude tactical environment. During all
events the aircraft was flown between 350 and 550 KIAS with altitudes ranging between
500 and 1500 ft AGL. The aircraft was flown in an operationally representative manner
using terrain masking whenever possible. Bank angles routinely exceeded 90 deg and
pitch attitudes of ± 30 deg were not uncommon. During the dedicated flights, the aircraft
was flown directly over a point of known vertical slope in order to evaluate the LPIA’s
vertical rate of change tracking capability. Data were recorded on IMUX tapes,
downloaded, formatted to Excel and analyzed. These data will be discussed briefly in the
next chapter. Qualitative observations were also recorded via cockpit audio and hand
held data cards. Cockpit instruments (EADI and Radar Height Indicator Gauge) were
recorded via cockpit video.
Landing Pattern Evaluation
Landings were conducted in various configurations at the end of each test flight to
ensure the suitability of the LPIA to the military field and aircraft carrier landing pattern
operations. These landings were conducted from 600 and 1000 ft circular patterns.
Additionally, visual-straight-in and precision approaches (ILS and PAR) were conducted.
Qualitative comments were recorded on handheld kneeboard cards and cockpit audio.
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Cockpit video of the Radar Altimeter Height Indicator Gauge and EADI and IMUX data
were also captured to support qualitative observations.
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CHAPTER 4: RESULTS
GENERAL
The suitability of the LPIA to the EA-6B mission was evaluated over a series of
16 dedicated test flights, numerous GPWS test flights and several pilot proficiency
flights. Testing to this point has been conducted in two phases, software version 03.02.01
and 03.02.02, and is currently on hold while BAE fixes problems that were encountered
during software version 03.02.02 testing and previous problems not corrected by that
version.
GROUND TESTS
CDNU BIT
BIT was conducted during initial ground test and before and after each flight.
The BIT was operator initiated through the CDNU and the results were displayed via the
CDNU RADALT Status Page (Figure 7) in the form of a 16 word-bit CBIT code
allowing for multiple failures to be reported (Table 4). During initial testing all BITs
passed during dedicated ground tests and before and after each test flight. On LPIA Test
Flight Eight, the mission was aborted because of an LPIA system failure. The LPIA
system in question passed all BITs, leading the LPIA test team to suspect erroneous BIT
results and perform a Maintenance BIT Demonstration.
With RT RF connectors J-102 and J-103 (Figure 6) removed, the operator
initiated CDNU BIT indicated a fully operational system. In order to get the correct BIT
status code on the CDNU display, the test aircrew had to initiate an Auto-Calibration
Sequence followed by a system BIT to capture the expected data and verify BIT validity.
This procedure was verified during three independent tests. Results were identical.
29

Figure 7: RADALT STATUS PAGE
Source: PMA-209 PowerPoint Slide (Aircrew Training Brief, 13 October 2004).
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Table 4
CBIT STATUS WORD DEFINITIONS
Bit

LPIA RT Status Word
Altitude Validity

BIT = 0
(Pass, Present or Valid)
Valid

BIT = 1
(Fail, Not Present, or Invalid)
Invalid

1
2

Altitude Rate Validity

Valid

Invalid

3

Autozero Validity

Valid

Invalid

4

Leakage Cal Validity

Valid

Invalid

5

Stores Cal Validity

Valid

Invalid

6

Cal Data Present

Present

Not Present

7

Not Used

-

-

8

Not Used

-

-

9

Antenna/Cable

Pass

Fail

10

Power Supply

Pass

Fail

11

RF

Pass

Fail

12

DSP

Pass

Fail

13

1553 IMUX Bus

Pass

Fail

14

Input/Output

Pass

Fail

15

Status Bit # 1

Pass

Fail

16

Status Bit # 2

Pass

Fail

Note: Words 15 and 16 are used in conjunction as a 2 bit code:
00 = BIT Pass
11 = BIT in Fail
10 = BIT in Progress
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AUTO-CALIBRATION
Auto-Calibration Sequence testing was conducted nine times during ground test,
after any LPIA RT installation, and prior to flight when required for testing. The
sequence was easily initiated via the RADALT Test Page (Figure 8) on the CDNU by
pressing the INIT CAL Line Select Key (LSK). Once initiated, an asterisk would appear
next to the LSK. Completion time for the sequence was approximately 45 to 60 seconds.
Incomplete Auto-Calibrations would timeout after 4 minutes and the system reverted to
the factory calibration, which was not suitable for use in the EA-6B. There were no
distinct indications to the operator whether the sequence was complete, incomplete (the
process would sometimes abort without posting a failure) or timed out. During the third
test flight, the aircraft launched after an incomplete Auto-Calibration Sequence and the
flight had to be aborted. In all cases, the sequence could not be successfully completed
unless the aircraft was stationary.
FLIGHT TESTS
HEIGHT INDICATOR LAG
During a qualitative low-level evaluation, aircrew commented that the height
indicator appeared to lag the terrain while passing over ridges and steep vertical terrain.
It was noted that the apparent lag increased proportionally with airspeed. Delays were
thought to be as long as 2 to 3 seconds. This deficiency was not detected during the
initial monitored range flights, which were conducted over water, but has been observed
numerous times since it was discovered.
Video from that qualitative low-level evaluation was evaluated and used to
digitize the height indicator’s analog output and provide quantitative data for analysis
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Figure 8: RADALT TEST PAGE
Source: PMA-209 PowerPoint Slide (Aircrew Training Brief, 13 October 2004).
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and to prove the lag did exist. The aircraft’s flight path (Figure 9) was plotted while
transitioning over a hilltop in the NAWS China Lake flying area. Bank angles varied
from 0 to 30 degrees and pitch attitude was less than ± 5 degrees. At these attitudes, the
LPIA should have been able to accurately track the aircraft’s altitude. Height Indicator
Gauge Needle positions and regridded DTED positions were then plotted with LPIA
1553 Data Bus data (Figure 10). Error bars were then overlaid on the height indicator
points to account for digitization errors. Figure 9 was used to accurately locate the hilltop
transition time and to correct for position errors introduced by regridded DTED. No
other effort was made to account for regridded DTED terrain height errors since they
would not affect this analysis. In addition, no effort was made to correct for LPIA
altitude output delays induced by the radar altimeter beam or LPIA internal processes.
These delays combined with that of the actual Height Indicator Gauge contribute to the
total delay observed by the aircrew (Figure 10).
One can easily see that the LPIA provided excellent tracking until time 16:44:45.5
hours. After this time, the height indicator diverged rapidly from the LPIA 1553 Data
Bus data. At the hill crossing at 16:44:48 the height indicator lagged approximately 0.5
seconds and continued to indicate 320 feet for over 2 seconds while the LPIA 1553
reading increased to 1,100 ft. It required 3 seconds for the height indicator to “catch up”
and match the LPIA 1553 Data Bus reading after the hilltop peak transition.
The LPIA configured with software loads up to and including version 03.02.02
fails to meet the Government’s Performance Specification [5], paragraph 3.2.1.6, which
states, “The maximum duration of a false altitude shall not exceed 0.5 seconds.” It
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Figure 9: AIRCRAFT FLIGHT PATH DURING LOW-LEVEL EVALUATION
Source: Allan Graves, LPIA Test Team, 16 October 2004.
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Figure 10: HEIGHT INDICATOR LAG
Source: Allan Graves, LPIA Test Team, 16 October 2004.
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should also be noted that the tracking rate time constant was waived from 0.1 to 0.3
seconds. This may account for some of the delay observed in the height indicator.
The slow update rate to the cockpit gauges can also be attributed to the digital
filter internal to the LPIA RT. This filter was implemented during testing on the C-2
Greyhound in order to smooth needle movement over rough terrain because the pilots
were complaining of jerky and erratic needle movement. The filter appeared to fix their
problem in the C-2. However, this very fix may be the cause of the height indicator lag
problem in the LPIA.
STANDBY TO TRACK TRANSITION TIMES
Software version 03.02.02 introduced an auto-standby capability, which caused
the LPIA transmitter to enter a Standby Mode. This mode caused the transmitter to cease
outputting its RF signal when pitch and roll angles exceeded ± 40 and ± 45 degrees
respectively. The transmitter would not resume normal operations until pitch and roll
angles decreased at least two degrees below the threshold limits. When in the Standby
Mode, inputs to the Height Indicator Gauge and EADI were blanked out and radar
altitude information was not available to the aircrew.
Flight test showed that typical transition times normally encountered were
approximately 0.3 seconds. However, transition times of one to two seconds were
observed. It was discovered that transition time was dependent on aircraft pitch and roll
rates. At altitudes below 2,000 ft, the transition time was measured between 0.6 to 2.0
seconds for aircraft roll and pitch rates of 15 to 36 degrees per second (Figure 11). At
altitudes below 4000 ft AGL, transition times have been measured between 1.0 to 3.7
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Figure 11: LPIA STANDBY TO OPERATIONAL TRACK TRANSITION TIMES
Source: Allan Graves, LPIA Test Team, 16 October 2004.
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seconds for aircraft pitch and roll rates of 4 to 12 degrees per second. Pitch or roll
changes at a rate less than 10 degrees per second always resulted in transition times of
two seconds or less regardless of altitude.
MAXIMUM ALTITUDE RANGE
During the 29 September 2004 cross country flight, the LPIA was observed
engaging in Search Mode over 57% of the time at an average altitude of 25,000 ft AGL.
The rate of occurrence increased to 64% while the aircraft operated at an average altitude
of 26,000 ft AGL. The exception to this was during short duration flights (less than 15
minutes) at high altitudes. During the range flights in the Patuxent River Operating Area,
the LPIA demonstrated outstanding performance at altitudes up to 33,000 ft AGL, but
data tends to indicate that the LPIA will not be able to operate at 35,000 ft MSL
(maximum altitude delineated by the specification).
ALTITUDE UPDATE RATE
The LPIA has been observed outputting old altitude information many seconds
prior to engaging in Search Mode. On the 29 September cross-country flight, the LPIA
engaged in Search Mode for 0.2 seconds, followed by an immediate altitude decrease of
1800 feet. The new altitude (false altitude – aircraft altitude was verified by cockpit
video and the use of regridded DTED) remained for 2.6 second, at which time the LPIA
declared the altitude invalid and transitioned to Search Mode (Figure 12). This problem
was observed again during this flight. At time 17:20:21 the LPIA engaged in Search
Mode for 0.2 seconds followed by a 940 ft increase in altitude (Figure 13). The LPIA
held this altitude once again for 2.6 seconds prior to declaring it invalid and engaging in
Search Mode. The loss of track that caused the excessive update rates occurred more
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Figure 12: LPIA UPDATE RATE
Source: Allan Graves, LPIA Test Team, 16 October 2004.
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Figure: 13: LPIA UPDATE RATE (2)
Source: Allan Graves, LPIA Test Team, October 2004.
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frequently above 13,000 ft AGL. Below 13,000 ft AGL the LPIA was protected from
loss of track by the auto-standby capability.
FALSE ALTITUDE OUTPUTS
During the duration of flight test, the LPIA repeatedly produced false altitude
outputs. These false altitude outputs occurred at a variety of altitudes, bank and pitch
angles, and airspeeds. This deficiency was observed during monitored range, low-level
navigation, airways navigation flights over level terrain (water included) and
mountainous terrain. Altitude errors as high as 85% were observed (Figure 14). This
phenomenon was particularly evident during land-water transitions. False altitude
outputs during land-water transitions were also associated with Height Indicator Gauge
fluctuations (as much as ± 500 ft).
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Figure 14: FALSE ALTITUDE OUTPUTS
Source: Allan Graves, LPIA Test Team, October 2004.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
GENERAL
While evaluating the LPIA system, the EA-6B LPIA test team asked a
fundamental question. This question is the same one that is posed whenever a new
system or component is evaluated by the VX-23 EA-6B Developmental Test Department,
“How will the new system affect the aircrew and the capability of the EA-6B to perform
the Electronic Attack mission?” In the opinion of the author, the LPIA system, if
perfected, could be an adequate replacement for the aircraft’s legacy radar altimeter and
would allow for the incorporation of GPWS, which could save lives. LPIA technology,
however, is not currently mature enough to be incorporated into the EA-6B. This
immaturity may lead to the loss of lives and will deny the EA-6B the capability of
operating successfully in the low altitude arena and possibly in the CV environment. One
may argue that low altitude tactics are not currently used by the U.S. Military, but
enemies change and so do the tactics employed against them.
During testing, the AN/APN-194 Radar Altimeter System was used as a baseline
to measure the performance of and evaluate the suitability of the LPIA. When applicable,
deficiencies, defined in Appendix C, were assigned in accordance with the Flight Test
and Engineering Report Writing Guide [9]. Only deficiencies that were relevant to
aircrew and aircraft operations are mentioned in this thesis. All deficiencies associated
with maintenance, logistics and support publication issues have been omitted. Once
again, the author would like to remind the reader that any assigned deficiencies are solely
his opinion and do not in any way reflect the opinion of the Commanding Officer (CO)
and Test Coordination Team (TCT) of VX-23, PMA-234, or PMA 209.
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In this chapter the author makes specific recommendations in order to improve the
LPIA system. However, he feels that even if all his recommendations were implemented,
the LPIA system would still not be mature enough to be fielded in the EA-6B. Test team
personnel believe they have not uncovered all the deficiencies associated with the system
and have expressed a strong desire to conduct a more in-depth analysis in order to
uncover these deficiencies and ensure the system would be suitable for fast moving
tactical aviation (TACAIR) platforms. Such an evaluation would be an order of
magnitude outside the scope and budget of the EA-6B LPIA Test Team. It is also the
author’s opinion that such an evaluation would be required to produce a mature system.
CDNU BIT
The CDNU BIT not yielding the correct results was a problem discovered
midway through flight test. In order for the BIT to produce accurate results, an AutoCalibration Sequence had to be initiated and completed prior to initiating a CDNU BIT.
The Auto-Calibration Sequence was a maintenance procedure, which would not normally
be performed by aircrew. Furthermore, all of the manufacture’s documentation on the
system indicated that the CDNU BIT functionality should standalone.
Erroneous BIT results will provide false system status indications, resulting in
non-fully mission capable (FMC) aircraft being flown. These aircraft will be limited to
performing missions that do not require a radar altimeter. An operable radar altimeter is
currently required for EA-6B low level and CV operations and night or day IMC field
operations. Erroneous CDNU BIT results are a Part II deficiency, which should be
corrected as soon as practicable.
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The LPIA software should be changed to allow the CDNU BIT logic to
standalone, eliminating the need to perform the Auto-Calibration Sequence prior to
running BIT. If this fix is not feasible, BIT procedures must be changed to incorporate an
Auto-Calibration Sequence preceding CDNU BIT. This would require aircrew training
on how to perform the Auto-Calibration Sequence.
AUTO-CALIBRATION
The ambiguous indications of the Auto-Calibration Sequence are a serious
problem that must be addressed. Without a proper auto-calibration, the LPIA would
revert to the last known good calibration, which would not allow the LPIA system to
provide accurate height information to the GPWS system and the aircrew if the system
reverted to the factory calibration or the calibration of a different EA-6B aircraft.
After initiating an Auto-Calibration Sequence, the system status was ambiguous
at best. Without diagnostic equipment, it could not be determined if the sequence was
complete, incomplete, or had been interrupted. Currently there are no clear indications to
the user on the status of the sequence.
Ambiguous Auto-Calibration Sequence indications will allow non-FMC aircraft
to launch. These aircraft will be limited to performing missions that do not require a
radar altimeter. Ambiguous auto-calibration indications are a Part II deficiency, which
should be corrected as soon as practicable.
The LPIA software should be modified to allow a message to be displayed on the
CDNU to indicate the status of the calibration. This could be accomplished by displaying
“IN PROGRESS” once the sequence is initiated and “COMPLETE” or “INCOMPLETE”
once it is finished.
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Additional constraints were also placed on the conditions during which the AutoCalibration Sequence could be conducted. The LPIA Auto-Calibration Sequence also
had to be conducted while the aircraft was stationary. Any aircraft movement adversely
affected the quality of the calibration. This would prevent the sequence from being
performed while the aircraft is taxiing on deck during aircraft carrier operations. In
addition, the sequence could not be performed while the aircraft was parked tail-overwater (common for the EA-6B) because of the errors induced in the zero foot calibration
due to the height of the aircraft carrier above the sea surface. These features would
require the aircraft to be taxied forward and stop for one minute (an eternity during a CV
launch cycle) in order to allow an Auto-Calibration Sequence to be run after any LPIA
maintenance.
The stringent conditions required to successfully complete the Auto-Calibration
Sequence will not be suitable to the fast paced and dynamic CV environment and will
cause undue delays during the launch sequence for the entire carrier air wing. The
requirement for such stringent conditions to run the Auto-Calibration Sequence is a Part
II deficiency, which should be corrected as soon as practicable.
The Auto-Calibration Sequence should be modified to encompass a CV Mode,
which will account for the height of an aircraft carrier (approximately 60 feet) while
running the sequence when the aircraft is parked tail-over-water.
HEIGHT INDICATOR LAG
Height indicator lag, one of the most serious of all deficiencies encountered to
date, was discovered after the initial round of range flights on the first low-level
navigation flight. The problem was most noticeable when flying over rough terrain,
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especially during the backside of ridgeline crossings and other negatively sloping terrain.
The altitude displayed to the aircrew via the height indicator and EADI appeared to lag
the actual altitude by as much as 3 seconds. The lag time was directly proportional to
airspeed.
This lag prevented the aircrew from maintaining the target altitude of 500 feet
AGL while on the low level route. During the low level evaluations the aircraft routinely
ballooned up to 1500 ft. During pilot proficiency flights with the legacy radar altimeter,
the aircraft was easily flown at 500 ± 100 feet AGL though out the entire test route. This
reduction in capability is currently unacceptable and will detract from the EA-6B’s
capabilities.
Height Indicator Gauge lag will prevent the aircraft from effectively operating in
the low altitude arena. The use of terrain masking during nap of earth flying will be
impossible, exposing the aircraft to enemy radar and associated surface-to-air missile
(SAM) and anti-aircraft artillery (AAA) threats. The height indicator lag is a Part I
Deficiency, which must be corrected as soon as possible.
The digital filter internal to the LPIA RT should be removed and a hearty series of
regression tests should be performed to ensure that this deficiency is corrected and no
other deficiencies were induced by the fix.
STANDBY TO TRACK TRANSITION TIMES
The auto-standby capability was introduced to correct for false altitudes displayed
during large bank and pitch angles. Unfortunately, an unwanted deficiency was created
from this fix. Excessive transition times between the Standby and Track Modes were
discovered during the initial stages of software version 03.02.02 testing. These excessive
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transition times required the aircrew to spend an excessive amount of time scanning radar
altimeter height indications in the cockpit. The deficiency was most noticeable during
the low-level navigation and tactical performance flights.
While performing low-level SAM and AAA defense maneuvers and section
tactical formation maneuvers, transition times in excess of 3 seconds were observed.
This made maintaining altitude during aggressive low-level maneuvering and proper
execution of low altitude defensive tactics nearly impossible.
During low-level navigation routes the aircraft routinely ballooned above or
descended below the target altitude of 500 ft AGL while the pilot maintained a level
attitude waiting for height indications to return to the cockpit. Aircrew specifically noted
that after the completion of a turning maneuver, they had to estimate aircraft height above
terrain and wait for the RADALT to transition from Standby to Track Mode.
During a low altitude tactics flight, dive recovery altitude rules were violated
during AAA defensive jinks, because AGL altitude was not available to the aircrew,
resulting in a low recovery (300 ft AGL). This constituted a training rule violation. The
flight was terminated and the aircraft returned to base.
Excessive standby-to-track transition times will deny the ability to effectively
operate in the low altitude arena, increasing aircraft vulnerability to enemy anti-aircraft
and SAM fire and terrain impact. Excessive standby to track transition times are a Part I
Deficiency, which should be corrected as soon as possible.
MAXIMUM ALTITUDE RANGE
Maximum altitude range was evaluated throughout testing during various crosscountry and monitored range flights. Tests indicated that the system was unable to track
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above 35,000 ft AGL with marginal sustained performance above 20,000 ft. This
reduction of maximum altitude will have no operational impact on the Electronic Attack
mission as performed by the EA-6B. The maximum altitude range of the LPIA is
Satisfactory for the purpose of this evaluation.
ALTITUDE UPDATE RATE
The altitude update rate problem was observed in both software versions. This
problem is significant, however it should not adversely impact EA-6B operations. It has
only been observed at higher altitudes and should not affect GPWS performance,
allowing for safe aircraft operations. To date, the altitude update rate is Satisfactory for
the purposes of this evaluation. Further testing should be conducted to determine if the
slow altitude update rate affects GPWS operations. If GPWS operations are affected,
further analysis will have to be conducted to determine the cause of the slow update rate.
FALSE ALTITUDE OUTPUTS
The EA-6B LPIA Test Team is currently analyzing data in an attempt to
determine the cause of this deficiency. A further series of tests designed to evaluate this
phenomenon is recommended to confirm the cause of this deficiency and its impact on
aircraft operations.
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APPENDIX A
DETAILED TEST MATRICES
Table A-1
DETAILED LPIA GROUND TEST MATRIX
Event

Description

1

Installation
Verification

1.1

Fit Check

2

Crew
Interface
CDNU
Keypad

2.1

2.2

LPIA

Test Objective

Test Conditions

Ensure LPIA fits
properly, cable
length is
adequate and
proper
connectors
installed.

On deck, without
electrical power,
remove APN-194,
install LPIA.

Size and
connections.

Verify all the
function keys
will call the
correct pages
and verify the
information and
format of the
pages are
correct.

Shall be
performed in
conjunction with
other tests and
during normal
operations.

Any keys and
display that does
not match the
functional rules
set in the SRS.

Verify
RADALT gauge
functionality.

RADALT bug to
80 ft, ICS on.

Needle deflection
to 90-110 ft,
LAWS tone,
green light on
gauge, “LOW
ALT” light.
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Data Required

Remarks

Use the
Temporary
Engineering
Installation
(TEI) to
verify the
installation
of the LPIA.

Table A-1: Continued
Event
2.3

Description
BIT

Test Objective

Test Conditions

Data Required

Verify LPIA BIT is
functional.

Perform LPIA BIT via
the CDNU.

Ensure time to
complete BIT
is not excessive
and that they
may be
initiated by the
operator. Copy
BIT results.

3

Auto-calibration

3.1

Dry Concrete

Verify the LPIA
sends 0 ft AGL to the
RADALT Indicator
and EFIS EADI after
successful Auto-Cal
on a dry concrete
surface.

Power and air applied, in
the hangar or on the
ramp.

When auto cal
is complete,
verify both the
RADALT
indicator and
EFIS EADI
display 0 ft
AGL.

3.2

Dry Reflective

Verify the LPIA
sends 0 ft AGL to the
RADALT Indicator
and EFIS EADI after
successful Auto Cal
on a dry reflective
surface.

Power and air applied, in
the hangar or on the
ramp, sheet metal panels
under the RADALT
antenna.

When auto cal
is complete,
verify both the
RADALT
indicator and
EFIS EADI
display 0 ft
AGL.

3.3

Wet Concrete

Verify the LPIA
sends 0 ft AGL to the
RADALT Indicator
and EFIS EADI after
successful Auto-Cal
on a wet concrete
surface.

Power and air applied, in
the hangar or on the
ramp, wet concrete
below the RADALT
antenna.

When auto cal
is complete,
verify both the
RADALT
indicator and
EFIS EADI
display 0 ft
AGL.
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Table A-1: Continued
Event

Description

1

Installation
Verification

1.1

Fit Check

2

Crew Interface

2.1

2.2

Test Objective

Test Conditions

Data Required

Ensure LPIA fits
properly, cable
length is adequate
and proper
connectors installed.

On deck, without
electrical power,
remove APN-194,
install LPIA.

Size and
connections.

CDNU Keypad

Verify all the
function keys will
call the correct pages
and verify the
information and
format of the pages
are correct.

Shall be performed in
conjunction with other
tests and during normal
operations.

Any keys and
display that
does not match
the functional
rules set in the
SRS.

LPIA

Verify RADALT
gauge functionality.

RADALT bug to 80 ft,
ICS on.

Needle
deflection to 90110 ft, LAWS
tone, green light
on gauge,
“LOW ALT”
light (with
LAWS).
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Table A-1: Continued
Event

Description

2.3

BIT

3

Auto-calibration

3.1

Test Objective

Test Conditions

Data Required

Verify LPIA BIT is
functional.

Perform LPIA BIT via
the CDNU.

Ensure time to
complete BIT
is not excessive
and that they
may be
initiated by the
operator. Copy
BIT results.

Dry Concrete

Verify the LPIA
sends 0 ft AGL to the
RADALT Indicator
and EFIS EADI after
successful Auto-Cal
on a dry concrete
surface.

Power and air applied, in
the hangar or on the
ramp.

When auto cal
is complete,
verify both the
RADALT
indicator and
EFIS EADI
display 0 ft
AGL.

3.2

Dry Reflective

Verify the LPIA
sends 0 ft AGL to the
RADALT Indicator
and EFIS EADI after
successful Auto Cal
on a dry reflective
surface.

Power and air applied, in
the hangar or on the
ramp, sheet metal panels
under the RADALT
antenna.

When auto cal
is complete,
verify both the
RADALT
indicator and
EFIS EADI
display 0 ft
AGL.

3.3

Wet Concrete

Verify the LPIA
sends 0 ft AGL to the
RADALT Indicator
and EFIS EADI after
successful Auto-Cal
on a wet concrete
surface.

Power and air applied, in
the hangar or on the
ramp, wet concrete
below the RADALT
antenna.

When auto cal
is complete,
verify both the
RADALT
indicator and
EFIS EADI
display 0 ft
AGL.
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Table A-2
DETAILED LPIA FLIGHT TEST MATRIX
Event

Description

1

Airborne BIT

1.1

BIT

2

4,900 ft ITB
(bin 3)

2.1
2.2
2.3

Straight &
Level
Constant AOB

Config

Alt
(AGL)

Airspeed
(KIAS)

Pitch Angle
(Deg)

Bank Angle (Deg)

As
Req’d

As
Req’d

As
Req’d

As
Req’d

As
Req’d

CR

4,900

250-450

0

0,10,20,30,40,45,50,60

+/-20, 30, 40, 50
Rolling

3

3,000 ft ITB
(bin 3)

3.1
3.2
3.3

Straight &
Level
Constant AOB

CR

3,000

250-450

0

0,10,20,30,40,45,50,60

+/-20, 30, 40, 50

Rolling
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Table A-2: Continued
Event

Description

4

5,700 ft ITB
(bin 4)

4.1
4.2
4.3

Straight &
Level
Constant AOB

Config

CR

Alt
(AGL)

5,700

Airspeed
(KIAS)

250-450

Pitch
Angle
(Deg)

0

Bank Angle
(Deg)

0,10,20,30,40,45,
50,60
+/-20, 30, 40, 50

Rolling
5

35,000 ft ITB
(bin 4)

5.1
5.2
5.3

Straight &
Level
Constant AOB

CR

35,000

As Req’d
(< 0.86
IMN)

0

0,10,20,30,40,45,
50,60
+/-20, 30, 40, 50

Rolling
6

2,400 ft ITB
(bin 2)

6.1
6.2
6.3

Straight &
Level
Constant AOB

CR

2,400

250-450

0

0,10,20,30,40,45,
50,60
+/-20, 30, 40, 50

Rolling
7

1,600 ft ITB
(bin 2)

7.1
7.2
7.3

Straight &
Level
Constant AOB

CR

1,600

250-450

0

0,10,20,30,40,45,
50,60
+/-20, 30, 40, 50

Rolling
8

1,200 ft ITB
(bin 1)

8.1
8.2
8.3

Straight &
Level
Constant AOB

CR

1,200

250-450

0

0,10,20,30,40,45,
50,60
+/-20, 30, 40, 50

Rolling
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Table A-2: Continued
Event

Description

9

900 ft ITB
(bin 1)

9.1
9.2
9.3

Straight &
Level
Constant
AOB

Config

Alt
(AGL)

CR

1,200

Airspeed
(KIAS)

250-450

Pitch Angle
(Deg)

0

Bank Angle
(Deg)

0,10,20,30,40,45,
50,60

+/-20, 30, 40, 50
Rolling

10

500 ft ITB
(bin 0)

10.1
10.2
10.3

Straight &
Level
Constant
AOB

CR

500

250-450

0

0,10,20,30,40,45,
50,60

+/-20, 30, 40, 50
Rolling

11

Pitch
Performance

11.1

Climb

11.2

Descent

11.3

11.4

CR

20,000500

10,20,30,40,50,60

0

20,000500

10,20,30,40,50,60

0

Turning
Climbs

15,0005,000

10,20,30,40,45

10,20,30,40,50,60

Turning
Descents

15,0005,000

10,20,30,40,45

10,20,30,40,50,60

200-550
(<0.86IMN)
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Table A-2: Continued
Event

Description

12

Bin Transitions

12.1
12.1.1
12.1.2
12.1.3
12.1.4
12.2
12.2.1
12.2.2
12.2.3
12.2.4

Climbs
Bin 0 to 1
Bin 1 to 2
Bin 2 to 3
Bin 3 to 4
Descents
Bin 4 to 3
Bin 3 to 2
Bin 2 to 1
Bin 1 to 0

13

Approach &
Landing

13.1
13.2

Standard Approach
No Flap/No Slat

14

Jamming
Performance

14.1

Offshore Jamming
IMUX req’d

15

Low Level Flight

15.1

Low Level

16

Reacquisition
Performance

16.1

Turns

Config

Alt (AGL)

CR

Airspeed
(KIAS)

Pitch
Angle
(Deg)

Bank
Angle
(Deg)

250-450

As Reqd

0

600-900
1200-1600
2450-2950
4900-5700
5700-4900
2950-2450
1600-1200
900-600

PA20/30
PA0

5,000-SFC

As Reqd

As Reqd

As
Reqd

CR

500-15000

250-550

0

0

CR

500-1500

350-550

As Reqd

As
Reqd

CR

500-15,000

250-550

0

0 to
90
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APPENDIX B
LPIA DETAILED METHOD OF TEST

1.0 GENERAL
Flight tests were performed after successful ground tests were complete. Quantitative
1553 Data Bus data were recorded on-board the aircraft for both ground and flight tests,
and truth data was recorded at the range and/or on the aircraft throughout all flights.
Mission representative flights were flown in the Patuxent River local operating area and
other Department of Defense military test ranges (NAWS China Lake), as well as on
Military Training Routes. Cross-country flights were in the National Airspace System.
All flight test events began at takeoff, with successive events performed at various
altitudes. The test range controller maintained positive control of the aircraft during the
accuracy portion of the test. Aircraft altitude was monitored at the range, and the aircrew
monitored MSL altitude as well. Laser goggles were not required. The flight tests, using
the laser tracker, were flown within Restricted Area R4005N, R4005S and R4007, which
were within eye safe distance of the lasers. The altitudes ranged from 500 ft to 35,000 ft
AGL. The 0 ft to 500 ft AGL altitude block was evaluated during takeoff and landing.
The pilot used the barometric altimeter while ECMO 1 monitored the radar altitude while
backing up the pilot until the LPIA was proven reliable.
1.1 GROUND TESTS
1.1.1 AUTO CALIBRATION
Three different auto calibration tests were completed. The first was over dry concrete,
which was done in the hangar and on the ramp. Another was over wet concrete, which
was done in the hangar and on the ramp. The third test was over reflective metal. The
procedure for this was as follows. Sheet metal panels were placed under the RADALT
antenna. Power was applied to the LPIA by placing the RADALT bug to a position other
than off. Both the Radar Altitude Indicator Gauge and EFIS EADI Display were verified
at the same AGL altitude. The CDNU was used to perform an Auto-Calibration
Sequence, while monitoring the progress on the CDNU. After the Auto-Calibration
Sequence was complete, both the Radar Altitude Indicator and EFIS EADI displayed 0 ft
AGL. Sheet metal panels were then removed from under the RADALT antennae. Any
changes to displayed altitude on the Radar Altimeter Indicator Gauge and EFIS EADI
were noted. Once complete, the LPIA was turned off.
1.1.2 BUILT-IN-TEST (BIT)
Depression of the push-to-test button on the Radar Altimeter Indicator Gauge was used to
command LPIA self-test. During self-test, the altitude pointer read between 90 and 110
ft., and a green light on the face of the indicator illuminated. The low altitude index
marker was set to less than 90ft to verify the low altitude warning tone at the completion
of self-test. MIL-STD-1553B Data Bus functionality of the IBIT was also addressed by
commanding BIT via the CDNU.
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1.2 FLIGHT TESTS
1.2.1 INTEGRATED TEST BLOCKS (ITB)
The ITBs were set up for efficient and quick data collection and designed to explore the
top and bottom of each range bin, at high and low airspeeds. ARDS or laser tracking data
was required for these tests. Once the edge of the envelope was discovered (i.e. if the
LPIA consistently transitions from operate to standby at 45 deg angle-of-bank (AOB),
there was no need to do higher AOB points).
1.2.1.1 CONSTANT AOB MANEUVERS
The goal of this test was to ensure that the Radar Altimeter Indicator Gauge needle
stowed during transitions from Operate to Standby Mode and that correct altitude was
displayed to the aircrew. Lower roll angle tests points were conducted first, leading up to
a maximum of 60 deg of roll in each direction, depending on when the LPIA transitioned
from Operate to Standby mode.
1.2.1.2 ROLLING MANEUVERS
The accuracy of the LPIA up to 60 deg roll angles was evaluated at various altitudes.
Higher altitude test points were conducted prior to low altitude test points. Lower roll
angle tests points were conducted first, leading up to a maximum of 60 degrees of roll in
each direction, depending on when the LPIA transitioned from Operate to Standby Mode
(or not at all). Maneuvering points at a given altitude were not conducted until accuracy
of the LPIA was verified in non-maneuvering flight at that altitude. Beginning at 0 deg
AOB, a step input was initiated until approximately 60 deg AOB was attained (60 deg
AOB was chosen as an arbitrary end point, approximately 2 times the spec value for
LPIA performance, in an attempt to fully define the LPIA performance envelope). The
test pilot varied the step input (starting with a ¼ lateral stick input, building up to a full
stick input) to gather data to determine what impact roll rate had on LPIA performance.
1.2.2 PITCH PERFORMANCE
The accuracy of the LPIA during nose up and nose down maneuvers was evaluated from
500 ft AGL to 20,000 ft AGL. The maximum nose down pitch angles were dependant on
altitude, and were determined in accordance with the pitch transition profile dive
recovery rules (Table B-1).

Table B-1
PITCH TRANSITION PROFILE DIVE RECOVER RULES
Altitude (AGL)
≥12,000
10,000
8,000
6,000
5,000
1100
800
500

Pitch Angle (deg)
-60
-50
-40
-30
-25
-15
-10
0
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1.2.2.1 WINGS LEVEL PITCH MANEUVERS
Pitch maneuvers at 0 deg AOB were performed first, prior to execution of the turning
descents.
The nose-high/nose-low maneuver was an option for completing all nose up and nose low
wings level test points. The maneuver was performed as follows:
(1) Started at 12,000 ft AGL, 450 KIAS Wings level.
(2) 4 G pull was commenced to 60 deg nose up.
(3) Relaxed G, rolled inverted. Pulled 2g until nose reached 60 deg nose low.
(4) Either executed nose-low unusual attitude recovery or followed the dive recovery
rules to 500 ft AGL.
1.2.2.2 TURNING PITCH MANEUVERS
Turning pitch maneuvers test points were gathered as follows. ARDS or laser tracking
data was required for these maneuvers. The maneuvers were performed as follows:
(1) For the climbing points, started at 12,000 ft AGL, 450 KIAS, wings level.
(2) Pulled to 60 deg nose up.
(3) During the pull to 60 deg nose up, smoothly rolled the aircraft left and right 50
deg AOB when passing through each pitch angle to be verified.
(1) For the descending points, started at 20,000 ft AGL, 300 KIAS.
(2) Roll inverted, pulling to 60 deg nose low, rolled upright.
(3) Smoothly rolled the aircraft left and right to 40 deg AOB passing through each
pitch angle to be verified while transitioning to 0 deg pitch attitude.
After initial pitch performance tests were conducted, fleet representative maneuvers were
used to further evaluate pitch performance.
1.2.3 BIN TRANSITIONS
In order to verify the performance of the LPIA spread spectrum pulsed waveforms, the
aircraft slowly ascended and descended through the LPIA range bin transition altitudes
(Table B-2).
Table B-2
LPIA DT RANGE BINS
Range Bin
0
1
2
3
4

Minimum Altitude
(ft, AGL)
0
737
1,352
2,581
5,040
64

Maximum Altitude
(ft, AGL)
811
1,499
2,852
5,581
37,130

The pilot varied the rates of descent and ascent from 1,000 feet-per-minute to the
maximum allowed by the dive recovery rules (rate of descent was mainly adjusted
through pitch angle) and aircraft performance limits. ARDS or laser tracking data was
required for this test.
1.2.4 APPROACH AND LANDING
The accuracy and tracking performance of the LPIA was evaluated between 5,000 to 0 ft
AGL during simulated carrier instrumented and visual approaches and landings. During
each event, the pilot noted altitude displayed on the Radar Altimeter Indicator Gauge and
the EFIS EADI. The pilot relayed any anomalies (Note: EADI maximum AGL altitude
displayed was 2500 ft AGL, above which altitude was shown a series of dashed lines).
Both ARDS and/or laser tracking was required for truth data.
1.2.5 JAMMING
These events were conducted to evaluate the effects of the jamming environment on the
LPIA. They ensured that the RADALT masked itself during jamming events and that it
resumed working (with no operator actions required) when jamming was secured.
Specific frequencies to be jammed were provided on the flight cards. All jamming events
were performed below the calculated radar horizon (Figure B-1), to avoid interfering with
civil radars.

Figure B-1: AIRCRAFT RADAR HORIZON WITH TARGET ON THE SURFACE
Source: Porter, Tony, LPIA Test Team, March 2004.
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1.2.6 LOW LEVEL
The low level events will entailed flying on approved MTRs, at 500 ft AGL or IAW the
route structure, whichever was higher and within the confines of the NAS Patuxent River
restricted areas and NAWS China Lake Complex. The RADALT bug was set at 10%
below the target altitude. Specific test points to be investigated were as follows:
 Water to land transitions
 Land to water transitions
 LPIA performance during maximum airspeed flight
 LPIA performance during defensive jinks
 Tracking rate during significant terrain changes (low to high and high to low)
1.2.7 REACQUISITION PERFORMANCE
In order to verify reacquisition performance, the pilot will begin by flying straight and
level over the water, or flat earth. The aircraft will then be rolled to transition the LPIA
from Track to Standby Mode (approximately 45 degrees AOB), held in Standby Mode
for 2 sec and returned to wings level. Aircrew qualitatively noted the Radar Altimeter
Gauge needle stowage, and reappearance. ARDS and/or laser tracking were required for
this test.
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APPENDIX C
DEFINITION OF DEFICIENCIES

Table C-1
DEFINITION OF DEFICIENCIES
Deficiency

Definition

Part I

Indicates a deficiency, the correction of which is necessary because it
adversely affects: airworthiness of the aircraft or system; the capability of
the aircraft or system to accomplish its primary or secondary mission; or
the safety of the crew or the integrity of an essential subsystem. In this
regard, a real likelihood of injury or damage must exist. Remote
possibilities or unlikely sequences of events shall not be used as a basis
for safety items.

Part II

Indicates a deficiency of lesser severity than a Part I which does not
substantially reduce the ability of the aircraft or system to accomplish its
primary or secondary mission, but the correction of which will result in
significant improvement in the operational cost, effectiveness, reliability,
maintainability and safety of the aircraft or system, or requires significant
compensation to achieve the desired level of performance; however, the
aircraft or system being tested is still capable of accomplishing its
mission with a satisfactory degree of safety and effectiveness.

Part III

Indicates a deficiency, which is minor or appears too impractical or costly
to correct in this model but which should be avoided in future designs.
Included are violations of specifications for use by the contract negotiator
in final settlement of the contract.
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